Chlorogentisylquinone, a new inhibitor of neutral sphingomyelinase activity, was purified from the culture broth of a fungal strain FOM-8108isolated from a marine environment by solvent extraction, silica gel chromatography and Sephadex LH-20 chromatography. Its chemical structure was elucidated by spectroscopic studies including lH, 13C, DEPT, HMQC and HMBC NMRexperiments. Chlorogentisylquinone inhibited neutral sphingomyelinase activity of rat brain membraneswith an IC50 value of 1.2^M.
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Sphingomyelin pathway is involved in the cell signaling system initiated by hydrolysis of plasma membrane phospholipid sphingomyelin to generate ceramide1~~3). Ceramide released through activation of neutral sphingomyelinase (nSMase) and/or acid sphingomyelinase (aSMase) plays an important role in cell growth, differentiation and apoptosis as a second messenger4~9). Therefore, regulation of sphingomyelin pathway by a specific inhibitor may give a clue to elucidate the mechanism of cell signal transduction, further, leading to a new therapeutic drug for diseases such as cancer, inflammation, autoimmune disorders and so on, in which ceramide generation participates.
Previously, we showed that altenusin of fungal origin inhibits nSMase activity10). During our continuous screen for SMase inhibitors of microbial origin, two potent inhibitors were purified from the culture filtrate of a fungal strain FOM-8108isolated from sea sand. One inhibitor was identified as gentisylquinone (2, Fig. 1 ), originally isolated as a quinhydrone complex11\ but the other was found to be a new compounddesignated chlorogentisylquinone (1, Fig.   1 ). In this paper, we describe the fermentation, isolation, structure elucidation and biological properties of these compounds.
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Materials and Methods

General
The fungal strain FOM-8108was isolated from marine sand collected at Katase Enoshima Beach, Kanagawa, Japan, and was used for production of 1 and 2. The taxonomic study on the producing fungus will be published elsewhere.
EI-MS spectrometry was conducted on a JEOLJMS-AX505H spectrometer. UVand IR spectra were measured with a Beckman DU640spectrophotometer and a Horiba Fourier transform infrared spectrometer, Fig. 1 . Structures of chlorogentisylquinone (1) and gentisylquinone (2). HEPES-NaOH buffer (pH 7.4), 6.5 mMMgCl2, 0, 1% Triton X-100, 0.75 unit a membrane fraction prepared from rat brains as enzyme source and a test sample (5fl\ in 50% CH3OH)in a total volume of 50 /u\. As for aSMase activity, the reaction mixture contained 25 jiu [3H]sphingomyelin (0.01^Ci), 250mM sodium acetate buffer (pH 5.0), 0.1% NP-40 (Sigma), aSMase (0.5unit) and a test sample in 50 ji\. The reaction was started by adding the enzymesolution. 
Results
Fermentati on
A stock culture of strain FOM-8108was inoculated into a 80-ml test tube containing 10ml of the seed medium and incubated on a shaker at 27°C for 3 days. Then, 2ml of this culture was transferred into a 500-ml Erlenmeyer flask containing 100ml of the seed medium and incubated on a rotary shaker at 27°C for 2days. The main culture was started by transferring 1 ml of the seed culture into a 500-ml Erlenmeyer flask containing 100ml of the production medium, and the fermentation was carried out at 27°C on a rotary shaker (210rpm).
A typical time course of the production of 1 and 2 is shown in Fig. 2 . The pH and dried cell weight gradually increased from initiation of the culture to day 6. The production of 2 reached over 2 mg/ml at day 2, then decreased rapidly. The maximumproduction of 1 was observed at day 3, suggesting that 1 was derived from2. production by the fungal strain FOM-8108.
Isolation
The isolation procedure for 1 and 2 is summarized in Fig. 3 . The four-day old culture broth (5liters) was centrifuged to obtain the supernatant. After adjusted to pH 9 with 2n NaOH,the supernatant was extracted with an equal volume of ethyl acetate. The organic layer was dried over Na2SO4and concentrated under reduced pressure to
give a brown oil (1.48g 
Physico-chemical Properties and Structure Elucidation
From the physico-chemical properties (Table 1) and NMRspectral data (Table 2 ), 1 and 2 appeared structurally related. The structure of 2 was identified with gentisylquinone by comparison with the reported spectral data15). The structure of 1 was elucidated as described below. The molecular formula of 1 (C7H5O3C1) and a strong 885 absorption at 1 108 cm * in IR spectrum (Table 1) suggested that a proton in 2 was replaced with a chloride. The 13C NMRspectrum (Table 2) .9//m, respectively, while they showed no inhibitory effect on aSMase activity even at 100^M. Furthermore, the inhibitory activity of quinones and related compounds (Fig. 6) against SMases was tested and the results are summarized in Table 3 . 1,4-Benzoquinone (3) and 2-chloro-l,4-benzoquinone (4) also showed specific nSMase inhibition with IC50 of 20 and 12 jJLM, respectively.
However, 2,5-dimethoxybenzyl alcohol (5) and 3-chlorobenzyl alcohol (6) with a benzene ring instead of a quinone ring lost the inhibitory activity. Thus, 1 is the most potent nSMase inhibitor among the compounds tested.
In order to elucidate the mechanism of nSMase inhibition by 1, steady-state kinetics were obtained (Fig. 7) .
The Lineweaver-Burk plots (Fig. 7A) showed that 1 inhibited nSMasein a mixed manner with respect to the substrate sphingomyelin. The Dixon plots (Fig. 7B) were nonlinear, that is, the inhibition appeared to synergistically increase as 1 increased.
Antimicrobial and Cytotoxic Activity Antimicrobial activity of 1-6 is summarized in Table 4 .
Compounds 1-4 showed broad antimicrobial activity NOV. 2001 against Gram-positive bacteria and Gram-negative bacteria. But 5 and 6 showed no antimicrobial activity against these microorganisms. The cytotoxic activity of 1-6 against P-388 cells is shown in Table 5 . The IC50 values of 1-4 were 7.6, 14.7, 64.8, and 84.5 //m, respectively, while 5 and 6 showed no cytotoxic activity at 100 jiiM.
Discussion
Although activation of the sphingomyelin pathway by nSMase and aSMase has been shown to increase the production of ceramide in several cell lines, the biological properties of ceramide generation is still not completely prostaglandin E2 production and LPS-induced interleukin 1 /3 production by the compound.
Gentisylquinone (2) and its chloro derivative (1) were purified as inhibitors of nSMase from the culture broth of a fungal strain isolated from a marine environment. Although 2 was previously reported as a constituent of the quinhydrone complex isolated from the culture of Penicillium urticae Bainn'19), we could purify it as a free quinone. Free quinones seemed quite unstable, as also suggested from the dramatic decrease of the amount of 2 in the culture broth from day 2 to day 4 (Fig. 2) . It was plausible that 1 is biosynthesized from 2 by incorporation of chloride ion from sea water at the C-2 position. More stable quinol type counterparts were not isolated as nSMase inhibitors from the culture, but gentisylalcohol was reported as an antibiotic from several microorganisms19).
Compounds1 and 2 inhibited nSMase activity of a membrane fraction prepared from rat brains (Fig. 5 ), whereas they did not exhibit inhibitory activity against aSMase from human placenta at all even at IOO^m, suggesting they are potent and specific inhibitors of mammalian nSMase activity. Since 1 and 2 have a simple quinone structure, other related compounds (Fig. 6 ) commercially available were also tested for their biological activities (Tables 3-5) . Interestingly, compounds having a benzoquinone (1 -4) exhibited nSMase inhibitory activity, antimicrobial activity, and cytotoxic activity. Although in our preliminary experiment compounds 1-4 showed no effect on nSMase from Bacillus cereus (Funakoshi), other related enzymes essential for growth in these Lineweaver-Burk plots showed that 1 inhibited the enzyme activity in a mixed manner. The Dixon plots shown in Fig. 7B did not match a linear fit, suggesting its inhibition mechanism is complex. Similar data of kinetic analyses by scyphostatin, a potent nSMase inhibitor, were reported16). Detailed examination is required to elucidate the mechanism of nSMase inhibition.
